Flat plate-type solar water distillation (FPSWD) is having importance for providing hot water and drinking water simultaneously to households in rural areas or small community/hotels. It utilizes solar radiation to heat the water, produce fresh water out of the saline or brackish water, and also produce hot water. The paper is focused on field performance of inclined FPSWD for domestic and commercial applications. Field Performance data of inclined FPSWD has been recorded during summer and winter. It observed that on Solar Global Radiation 6.2 kWh/m 2 , maximum output of distilled water generation achieved 6.03 l/day per m 2 at ambient temperature of 23 °C within 8-9 h.
Background
India's huge and growing population is putting a severe strain on all the natural sources of country. Most water resources are contaminated by sewage and agricultural runoff. India has made progress in supply of drinking water to people, but gross disparity in coverage exists across the country. Although access to drinking water has increased, still about 21 % of communicable diseases in India are related to unsafe water as per World Bank estimation. It is true that providing drinking water to such a large population is an enormous challenge. It is estimated that around 37.7 million Indians are affected by waterborne diseases annually, and one million children are estimated to die of diarrhea. The average availability of water is reducing steadily with the growing population, and it is estimated that by 2020 India will become a water-stressed nation. Ground water is the major source of water in our country with 85 % of the population dependent on it (http://www.angelfire.com/bc/nihhrrc/documents/ fresh.html; http://www.wateraid.org/~/media/Publications/drinking-water-quality-rural-india.pdf ). Water org's program in India provides safe drinking water and adequate sanitation facility to the families living in rural and urban Indian communities in 11 states and one Union Territory (UT), i.e., Andhra Pradesh, Pondicherry (UT), Madhya Pradesh, Maharashtra, Rajasthan, Bihar, Chhattisgarh, Odisha, West Bengal, Assam, Karnataka, and Tamilnadu.
Scope of solar distillation in India
India being a tropical country is blessed with good sunshine with most of the parts receiving global solar radiation of 4-7.5 kWh per sq.m per day. Around 250-320 sunny days are available in a year to operate solar distillation system (Ministry of New and Renewable Energy 2011; Policy phase-I and phase-II 2011-12). Conventional desalination systems (i.e., multistage flash, multi-effect dehumidification, and reverse osmosis) are expensive and also consume huge amount of electricity for their operation to produce drinking water. Solar distillation is one of the most prominent solution for production of safe drinking water without conventional energy. Solar distillation have a good chance of success in India for lower capabilities, which are more than 10-20 km away from the source of fresh water and where salinity of water is more than 10,000 ppm (Gomkale 1988) . The FPSWD system can operate in these regions to produce safe drinking water. This paper presents an experimental investigation on FPSWD which gives higher efficiency. 
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System description
A single-effect conventional solar still is an air tight basin that contains saline water (i.e., feed water). It is enclosed by a transparent top cover, usually of glass which allows incident solar radiation to pass through. The inner surface of the basin is usually blackened to increase the efficiency of the system by absorbing more of the incident solar radiation (Tiwari et al. 2003) . A multiple wick bedtype solar still with condenser arrangement gives higher output than simple traditional solar still (Reddy et al. 1983 ). The multi-wick solar still is most economical and efficient one. From the investigation, it showed that the conventional solar still made of concrete with black fiber reinforced coating from inside is suitable for a large scale system with capacity more than 1000 l/day. Whereas the small scale system with capacity less than 1000 l/day, the fiber reinforced plastic multi-wick solar still is appropriate (Tiwari and Garg 1985) . A potable-type solar still was designed with basin area of 0.54 m 2 . The daily output of fresh water was found 1.7 l/day in the month of July. The maximum output of fresh water is 0.339 l/h at 13:00 hours. The feed surface water 330 ppm (TDS), conductivity 1.291 mS/cm, and pH 6.72 were measured before distillation. The distilled water was found TDS of 30 ppm, conductivity 41 mS/cm, and pH of 6.5 after distillation (Samee et al. 2007 ). Sodha et al. (1981) have developed new concept on multi-wick solar still to increase the productivity of still. They used a black jute cloth pieces uneven length placed one upon another and separate by polyethylene film. The entire wick remains wet due to capillary action. The width of each jute cloth is 86 cm and length of wick is 100 cm. The glass thickness is 3.0 mm. Output distilled was 2.5 l/m 2 day. Mahdi et al. (2011) designed and experiment a wick-type solar still. They used charcoal as an absorber for their analysis and increase efficiency of 53 % on clear day of summer. Naim and ElKawi (2002) investigated on basin-type solar still in which charcoal is used as an absorber medium. A similar inclined wick-type solar still was tested by SMA Maustafa et al. (1979) in which a 2.5-cm-thick black synthetic wettable mat of area 0.182 m 2 was placed over a plastic sheet. The flow of water in the wick was controlled using a flow regulator and shut-off valve operated with a photocell. Another novel idea in a wick-type solar still was given by Frick and Summerfeld (1973) , who suggested the use of jute cloth along the width of the still, dipped in saline water trays. The jute cloth remains wet due to capillary action and therefore avoiding the use of water distribution system. They are also reported the efficiencies achieved 40-50 % with this type of still. Kabeel (2009) investigated on a concave-type wick for absorption and pyramid shaped still were normally used for condensation. The average production of still was 4.1 l/m 2 day. Sakthivel et al. (2010) used jute cloth on middle vertical position of the basin and another jute cloth is on the surface wall of the still. A series of experimental and theoretical studies on inclined wick-type solar stills are conducted by Mimaki et al. (1981) and Tanaka et al. (1981) in Japan. They used a black cotton towel as wick with an effective area of 1.79 m 2 and glass thickness of 5 mm. The still output recorded was 5.0 l/ m 2 day at the solar global radiation of 6.67 kWh/m 2 . Most of the research work has been done on inclined solar still but the study on inclined flat plate solar water distillation is missing in the literatures. The inclined FPSWD system gives the maximum output of fresh water with zero ppm. This system is a most efficient and cost effective from others distilled system. It can produce pure, clean fresh water on any scale from any water sources and also gives hot brine, which gives more advantages and additional efficiency. Each panel of this system is designed with an area of 3 m 2 , weight 17 kg and having a thin black fiber sheet of 2 mm for absorbing the input water. The front glazing is of polycarbonate thin sheet (0.4 mm), which is tough, dimensionally stable, high-impact resistance, good temperature capability, and expected life of 8-10 years. The cross section of such inclined FPSWD is shown in Fig. 1 . The raw water enters through the top side of the panel and spread to the entire area of the black wick bed with the help of distributor at a mass flow rate of 6.6 kg/h, so that the entire area of the black sheet remains wet all the time. Solar energy is absorbed by water in the wick bed, which gets evaporated at the temperature of 60-65 °C and later gets condensed on the inner side of the polycarbonate thin sheet and collected in the condensate channel fixed on the bottom side of the polycarbonate sheet. Remaining hot brine water at the temperature of 45-50 °C runs down at the bottom of the system.
Performance analysis
The performance of inclined FPSWD has been carried out by installing the system which consists of 10 panels, i.e., area of 30 m 2 at the Out-Door Test Bed of Solar Energy Centre, MNRE (latitude: 28° 25′31.2′′N-longitude: 77° 9′18.8′′E) shown in Fig. 2 . This system has been evaluated and observations were recorded on the basis of field data collected (period of 8-10 h) in the month of winter and summer.
The output of fresh water achieved about 5.33 l/m 2 day at the radiation 5.6 kWh/m 2 . It is also observed that, the inlet water was 350 ppm before distillation and distilled water was found at zero ppm. In this experiment, the temperature of the hot water, cover sheet temperature were measured with thermocouples.
To simplify the performance, some assumptions and nomenclature are made in this paper. Sahoo et al. Renewables (2016) The system is vapor leakage proof. Drunkle procedure is summarized by Tiwari et al. (2003) . According to this procedure, the hourly evaporation per square meter from solar distillation is where h cw (kW/m 2 °C) is convective heat transfer coefficient from water surface to polycarbonate sheet.
The saturation water vapor pressure (kPa) is expressed as where t w is temperature of water in °C. And, the saturation water vapor pressure of polycarbonate sheet is defined
The instantaneous efficiency is expressed as where G t is global radiation in kWh/m 2 per day.
(1)
P w = 100 0.004516 + 0.0007178t w − 2.649
P ps = 100 0.004516 + 0.0007178t ps − 2.649 × 10 −6 t 2 ps + 6.944 × 10 −7 t 3 ps .
(4)
Results and discussions
The performance has been analyzed for the period of 9 h in day times, i.e., 9:00 to 17:00 hours. It is observed that, during the performance testing of inclined FPSWD, average field data on different parameters namely temperature of cover sheet, hot brackish water (°C), tilted global radiation (kWh/m 2 ), wind speed (m/s), ambient temperature, generation of fresh water, and hot brackish water have been recorded. As seen in Table 1 , the fresh water generation increases as the tilted global radiation increase. The fresh water has been achieved around 5.2 l/ m 2 day at global radiation of 6.2 kWh/m 2 . The average temperature of hot water (brackish water) is 47 °C at the ambient temperature of 24 °C as shown in Table 2 .
The fresh water output is 4.73 l/day m 2 with an efficiency of distillation system 45.1 %. Figure 3 represents the comparison between the temperatures of hourly variation on polycarbonate sheet, brackish water with respect to tilt global radiation and ambient temperature. It is seen that the polycarbonate sheet and absorber temperature increase with time increases toward the noon time (i.e., availability of global radiation) and started decrease in the same pattern due to decrease the solar global radiation on the polycarbonate sheet according to changing of day time. Figure 4 shows the hourly variation of output of distilled water with respect to global radiation and wind speed. The variation of output is dependent upon global radiation and wind speed.
Conclusion
The system generates both fresh water and hot water at the same time. Several parameters such as solar tilt global radiation, hot water temperature, flow rate of water distillation, and flow rate of hot brackish water were investigated. The generation of fresh water achieved up to 6.03 l/day per m 2 on global radiation 
